CONTROL 


System 


For any system it can be either open or closed 



Then we represent it with differential equations 

We transfer these equations from time domain to the S domain using Laplace Transform 
Then we get the Transfer Function T.F — 

b //P(S) 


Block Diagram 


1- Components 

2- Summing Point 

3- Branching Point 

4- Feed Back, Forward 


Component Reduction 


Has 3 Forms used to simplify block diagrams 









































































































































































Signal Flow graph 


1- Every gain is put as —» 

2- Every node is represented by a number 

3- We count loops and type them according to numbers i.e LI: 1231; L2 : 3453 etc. 

4- number of loops > number of feedbacks 

5- Get A as 


A = l-ZL i + ZL i Lj-ZL i L j L k + - 

as L ; , Lj are loops that doesn't touch 
as Lj, Lj. L k are loops that doesn't touch 

6- GetPandAj 

P is every main branch ( from input to output) 


assume there are 2 Ps p t and P 2 



meaning any loop in A that touchs P will be — 0 in A 


7- Get TF 


T.F 


A 




Modelling 


Electrical 


Element 

V 

V(S){Laplaced } 

R 

IR 

R 

L 

di 

T 

LS 


dt 


C 

l 

1 


— I i dt 

C J n 

CS 


After you changed any electric circuit to S domain 
just use Voltage Divider Rule and you will be fine 

Mechanical (Linear) 


Three types of forces 


m 

h-> * 

r> ' 1 

F — mx 


v 


K 


F = K{x x - x 2 ) 


— ^-ir - 

B 

} - f 

F = £(*! - x 2 ) 


_ 

- 

Study Every M separately t 

ien get an equation 


x x is the nearer to the M 
- x^X , x = SX ,x = S 2 X 
Solve equations together 

Rotational 


Same as Linear (same equations and procedures) but difference in 


m 

j 

X 

6 

F 

T 


Complex System 


For a Complex system we study Variables and then Relations (Equations) 
(we want no. var — no. eqs + 1) 


Then by substituting we get the TF of System 

Or : use block diagram 





























Stability 


Means that the input is within limit (Bounded) so the output does not go to oo 
Ex: (at = oo) = 0 stable but y — t (at t — oo) = oo -> unstable 



Two ways to get stability 


(1) Solve the TF equation in S domain (gets poles then n + ,n 0 , n_ 

(2) Use Routh method (gets n + ,n 0 , n_ directly ) 


After you get poles test: 



POLES 



n 0 =£ 0 n o ~ U 

STABLE 


is there n peated roots ? 


V 




Critical UNSTABLE 
STABLE 







































Routh Method 




UNSTABLE 


n 0 =£ 0 ??( a row that is all Zeros) 

.... 

STABLE 

There is mai ly rows = 0 ?? 

Critical UNSTABLE 
STABLE 










Distribution of 

n — the largest power in equation 

n — n + + n 0 + n_ 
we getn + 

of there is no zero rows n 0 — 0 
••• n_ = n - n+ 


n 

n n 

n + 

2 

0 

2 


If there is a zero in a row (shifting) 


We shift left to replace the zero with a number 


0-2 


< 


Shift Left ( 1 time ) 


-2 

-(-2 

2 

2 o~ 


0 

0) 

0 


Notes : 


+ 0-2 


Notes : 

‘OLuuuoJI <*j JjxU juUlj jujlsJI vaaII ujo >xiJlaJI vtmJI £>hj 


2-2 



Notes 


j Lo (_£ j A n^n c > t'N j-q CllLudll 
Jj-oC- (J jl ^3 x^all ^3j 3 La .laJ AxUXJ <■ 


L j^a 221C. 


















A row of Zeros 


s* 4- 3 s’ + 2^ 4 - 6S l + p + ?-« 



We get from the equation P — P + + P 0 + P_ 

Where 

P — the largest power of the first aux equation 
P + — P_ — no of change of sign after the aux equation 
so we can get P 0 = n 0 
General Notes 

1- If there is a missing term S 3 + 5 + 2 = 0 ( S 2 ) 1 — don't forget to put it's coef. = 02 — UNSTABLE 

2- If the equations sign changes S 3 + 2 S 2 — 5 + 1 = 0 then it's UNSTABLE 

Condition for stability 

We solve with the k 
we get the conditions 

- no change in the sign of first column ( all values +ve ) 

- all signs of main equation are the same ( all terms +ve) (the last term = +ve ) 
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State Space 


In electrical circuit states = NoofCs + NoofLs 
In TF states = degree of the denominator 
We get state space matrices from 

1. Differential Equation (time domain) 

2. Block Diagram ( S domain) 

3. Signal Flow Diagram ( S domain) 

4. Transfer Function ( S domain) 

From Block Diagram 

1 

States (n) = Number of Equations (integrals -) 


-xy 

X 2 


-* 71 - 


B_n*l 


r Xi i 


- 

x 2 

+ 


-X n - 




U(t) 


; y(0 = [. 


■*T 

] *2 
. X 3. 


Example 





<JL t J 


£ + •2 j 



.’its) -_ 

-f Cs.s)- --— — 

iji- 

States - 3 _ 


1- We conclude the rest of variables from x 2 



















2- We study every gain individually 


X 2 3 

— = -—- -» from sum circle -* X 2 = u — X-, 

X 2 S+ 5 J 2 1 

^ -> SX 2 = 3X 2 - 5X 2 = 3(u - Xf) - SX 2 

laplace inverse -> x 2 = 3u — 3x x — 5x 2 -* (1) 




y = x 3 (4) 

So we get the State space 


A_n*n B_n*l 


'Xi 

X -2 

— 

‘ 0 
-3 

0 

-5 

4 ‘ 
0 

X\ 

X 2 

+ 

'O' 

3 

u(t); y(t) = [001] 

-xi 

X 2 

-X 3 - 


. 0 

1 

-2. 

X 3 . 


.0. 


X 3 . 


From differential equation 


The order of the highest diff. = no of states 
y'" + 6y" + lly' + 6y — 6u 


y'" = x 3 

y" = X 2 = *3 (1) 

y' = *i = x 2 -> ( 2 ) 

y = x i -» (3) 


x 3 — —6 x 3 — llx 2 — 6x + 6 u(t) -> (4) 


A_n*n B_n*l 


'Xi 

x 2 

— 

■ 0 1 0 ■ 

0 0 1 

'Xi 

X 2 

+ 

0‘ 

0 

u(0 ; y(t) = [100] 

'Xi 

X 2 

-X 3 - 


.-6 -11 -6. 

X 3 . 


.6. 


X 3 



































v, ~ NL ** Vc. 


S S L ir- - L * 


k )— 

^ ^ { |Y> 


l*_ 


... j£ \ r 

*5_££3 P* 



We've 4 forms 


1- Controllable Form 

2- Observable Form 

3- Parallel Form (Diagonal) 

4- Pole-Zero Form 










1- Controllable 


E_ti + 1 
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-X n . 
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B 

C 

luoSl C_j 3 j^oC- (J ijl 

Jj^U >vi t> ? n»li : j*iVi <_k^i 

fi.la.lA (J^-a j 1 = ^jjoI ^)j£l ) Ja^juj 

1= jj.ro‘lC- ^)al I^Lq lg_l£ 

JLaJl Jajoull dj^Ldlx^i 

3a 

^ 0 — 4-^tx-o JoVn ^j-aaU ^ajJJ 


JLjJdll state ls* 


; Jllo 
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Can 

'*l‘ 


’ + ' u(t) ; y(t) = { , , ] 

*2 



_^3_ 


U.J L'J 
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B 

C 
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3a 
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^ 0 = 4^q1_xa InaJJ ^tfaSlj ^3 


o 

II 

ni 

B 0 = C T c 

C 0 = B T c 
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Parallel (Diagonal) Form 
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Pole-Zero 


(1) 

^jjoI(J la>J 


^ AJjixL q .l^J jl j dlUajudjll Ja^.1 (jj,A*Jj 

^jUII (jj3 Jo^jj A-ijUll CllL^.j^]| j 
A^,^p ^jC- V Jajaull A^^p Ja^judll^ 
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5^ 1 

1 

X 3 4 Z 3 A^jJI 1*3 

^Ull A-uLill 4_^.jJl]|j 

(3) 


*i 




La Jl*J 


^j-a (J£l diV«^-x_A c > *i 

*3 , x 2 , x x y(t) 

state space La <—a j ^iVi j 
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;D A .fig .all ‘ 7j ^ 


1-C\C = |57 — A\ 

2 — T,F — C (SI — A)~ X B 

3 — M c (controllable ) = [ B AB] 



IS 

UN 

M 0 * 0 ( OBSERVABLE) 

M c * 0 (STABLE) 

M 0 — 0 (UNOBSERVABLE) 

M c — 0 (UNSTABLE) 


4 — Stability using Routh 


5 — Transition Matrix 4> = L x [(5/ — .4) x ] 

«fr 

0\c£V>'C\C^_ 


} = i 

fys 

s~ \"Cbic0onqi 



^ 0 / . C 



At V 



. Cp(±)mC 



=«< 


6 — State Vector X(t) — = <p(t)X( 0) + J cf>(t — t)Bu(t)(It 
























or better : X(5) = 0(S)X(0) + 0(S)fll/(S) 
then,x(t ) = L _1 (Z(5)) 


7 — Transformation Matrix (T) " to convert to diagonal" 
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Time Response 


System Properties we study are : Stability,Controlability,observability/Time Response 
Time Response : Systems output in time domain 


second order j Step lijSlj j Ji^ll jJl -gSa*!! JlSJil 
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General Form 


TF = 


2 

M n 


S^ +2^WnS+(i)^ 


where ■ co n •• natural frequency and f • damping ratio 


Underdamping (quickest)(osc.) 

0 < <■ < 1 

critical damping ( lil Oscillation) 

C = l 

Over Damping ( slooow, no osc,) 

c>i 



f ^ 





OJO 


(_ \J|^_ 

O._J _i_» V V_ 


4r—' Ll Mp 

osJl *tp 




sl A* r^jJD l ^-^3-J1 *t 

uy. ^ 

^ 7 . 


7TC 


M p (maximum overshoot) = e V 1 < 2 


tp 


7T 


7T 


0) 


'nVw 1 <y d 





























o) d = coj 1 — C 2 -» damping freq. 
0° = cos _1 (0 


n — 4> 0° * 3.14 

t r =- * 0 r = 


o) d 


180 


4 3 

t 9 ( error 2 %) = — or t,( error 5 %) = — 

C 0) <&) 


(J^JI CjI 



A_ilc- ^ajajkj 5 J (Jg^ 4X-j IjAiC- A_i,aJa-uJ V1 ^lc< “1 


ts:1sec 


4 l^Jai jjV 1 (_ 5 j) (JjLLulj xS\ 4_s j ^ku La .laJ Jajoull ajakj j l Jajuull ^J) (jLa ^lla-all JLaJI -2 

- J » - 

-3 


,, n/ a-b 

Mp % = -J 


Jo Jot 


C«) = 1. 


sin (Wd«t + <&) 


5 domain 

time domain 

c( co) = lim 5 C(5) 
s^o 

C(5) = fl(S) TF = ^^ *S*TF = .Au AJ * TF 

put t = oo 
c(co) = 


SSE = R( oo) - C(oo) -5 


Error Constants 


Feedback = 1 

Feed back = H(S) 

s.s.e — x(co) — y( oo) 

s.s.e — limSE 
s^o 

=EG(S) 

E (error) = R(S) - H(S) Y(S) 

■ E - R(S) 

1 + G(S)H(S) 

R(S) 

sse= 1 + G(S)H(S) 


STEP (1) 


r(t) = k p 

K 1 

1 + lim G(S)H(S) 1 + k v 

s-> 0 F 

error constant 

k2 = lim G(S)H(S) 

^ c— 


Ramp (2) 


r(t) = k v t 

K _ 1 

lim 5 G (S)H (S) k v 

s->0 

error constant 

T v = limS G(S)H(S) 
s-» o 

































Acceleration (3) 


r 

r(t) =k a — 

K 1 

lim S 2 G(S)H(S) k a 

S->0 

error constant 

k a — limS 2 G(S~)H(S) 


Type 




JHq 
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Root Locus 


zero Jl gJ! pole Jl ox 


T,F (Closed Loop) = TT ^ W) 

Open Loop — G(S)H(S) 

••• chc of closed = 1 + TF(open loop ) 


AJLui^l Jai CjIjIsa 


Open loop J' auaj (i) 

<IS l-i ii iil l ^ -Ujj-Ja-iK Jl (JjSj G(s)H(S) Jl Alii** JJaj 
If not { 

1+G(S)H(S) = closed ^Lu chc J' 

L 4 -il -v ^1 ^Ic. p. i nM 

1+ 7aaga bastha madrob f K bH*lkia> 

G(S)H(S) = el 7aga de Lpl - 

} 


,ju Jaj f 

n z Uj^c-j O j*j}S plane <JI ^ !*-»"■ jj Zeros jLL-al 
n p \a^j x >jj S plane ^ Poles fLLJ! jlL^.1 


S plane Je zeros J' jpoles Jl ^j' (2) 


• iv^; ('j —»/vz«o 



( — Ulsw ^jjIa — LjL*-o -uJaa Jjl ) ^^ill R03I Axis Jl cs ^ 1 (J^l ( 3 ) 

00JI jl Zeros Jl ^ <Lkbj PolesJI <>» ^jL^ ff^VI ^jlj 
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zero W 1 poles Jl ajjjISjJI iajLiJI ( 4 ) 


n 0 (number of asympt. line ) = n p — n z 

ZP-ZZ 


6 = 


S( JfijVl) = 
(21 - 1)180 


Tip Tl z 


Tip Tl z 


(don't use it) 


1:180 or 2:90,-90 or 3: 60,-60,180 or 4: 45,-45,135,-135 


gvjjJl (jjdii (jxj (j^jj cJ^- (5) 




/ 


♦-o 


i 


4 UVi 

1-Get chc of closed loop = 1+G(S)H(S) 

2-Simplify it to linear equation 
4- Get K on one side 

6 -Solve equation of step 5 to get point of 


1=^' on jreal <»jV 


complex polesJI W'jj ( 6 ) 


From Pole 

To Zero 

Departure 

Arrive 

6 d = 180 — Y.Pp + Yfiz 

JjILi 

note : 6 = tan 1 - 

Pa = - Yfiz ~ 180 


jja^L root locus Jl Stability J' (7) 


1-From closed loop chc : we do routh 


2-We get equation in must /(/c) > 0 to be stable for the sign not to change get K = u* 

3-From i4(S) j»*-a W <Jp 4 I 1 U-JI we solve it and put ( k= o») 
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zerosJ ij polesJ j 4 c*iij q±i djlaLoiAll Ia,axj 
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